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A Review of Transfer Factors for Assessing
the Dose from Radionuclides
in Agricultural Products

By Y. C. Ng*

apstract: The dose 10 man from radionuclides released to the
pmspranment is generally assessed with mathematical models
bt require (ransfer factors as input parameters to predict the
_vacentration of radionuclides in foodstuffs. This article sum-
warizes recent atlempts to review the worldwide literature and
Jerne updated transfer factors to predict concentrations of
sadionuclides in terrestrial foods u-ing equilibrium models.
{ pdated transfer coefficients to predict the concentration of a
radwnuclide in cow's milk and other animal products from
that tn feed are presented as well as concentration factors to
predict the concentration of a nuclide in a food or feed crop
wom that in soil. Comparing the updated transfer coefficients
with those in existing tables leads to suggested changes in the
yransfer coefficients for milk and beef. Soil-to-plant concen-
sration factors are extremely variable, which limits the useful-
ness of a single concentration factor 10 predict the uptake of a
radionuclide into crops from soil. The potentially large uncer-
tainty associated with predicting the uptake of radionuclides by
plants from soil at a particular location may be reduced by
considering the dominant crops and soil types in the area and
how various soil properties affect the concentration factor. The
updated transfer factors may be useful in assessing transport
through terrestrial food chains when site-specific information is

*Yook C. Ng is a research staff member with the Environ-
mental Sciences Division of Lawrence Livermore National
Laboratory. He received the Ph.D. degree in biophysics from
the University of California, Berkeley, in 1955. He served in
rescarch and teaching capacities at the Lawrence Berkeley
Laboratory and the University of Nebraska College of Medicine
before joining Lawrence Livermore National Laboratory in
1963. His research activities have included evaluations of the
transport, fate, and health effects of radionuclides released to
the environment and development of environmental data bases.
His address is Environmental Sciences Division, Lawrence
Livermore National Laboratory, P.O. Box 5507, Livermore, CA
94550,

not available. In addition, they provide a basis for systemati-
cally updating existing tables of iransfer factors for generic
assessments.

Ingestion of contaminated terrestrial foods is one
potentially important mode of exposure that must
be considered when assessing the dose to man from
radionuclides released to the environment. Trans-
port of radionuclides through terrestrial food
chains is usually evaluated with models designed
for chronic-exposure situations where the concen-
trations of radionuclides in food products and
environmental media are assumed to be in
equilibrium."?* The Nuclear Regulatory Commis-
sion (NRC) provides this kind of model in Regula-

- tory Guide 1.109~«Refs. 3 and 4) to evaluate the
dose from ingestion of terrestrial foods contam-
inated by radionuclides routinely released to the
atmosphere and hydrosphere from light-water reac-
tors. The Regulatory Guide 1.109 models evolved
from similar models in the HERMES computer
code.’

These models require nuclide- or element-
specific transfer factors for predicting concentra-
tions in terrestrial foods from those in vegetation or
soil. Elemental transfer factors needed in Regula-
tory Guide 1.109 models include the following:

B, the soil-to-plant concentration factor, the ratio
of the concentration of an element in fresh
vegetation to that in dry soil

NUCLEAR SAFETY, Vol. 23, No. 1, January—February 1982
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Table 1 Transfer Factors from U. S. Nuclear Regulatory
Commission Regulatory Guide 1.109*

B;, F,(cow) F,
Element veg/soil milk, d/L meat, d/kg

B, F, (cow) F,
Element veg/soil mitk, d/L meat, d/kg

Ht 48 E+00 1.0E—-02t 1.2E-02
Ct 5.5E+00 1.2E—02 3.1 E-02
Na 52E—-02 40E-02f 3.0E—-02
P 1.1 E+00 25E—02 4.6 E—02
Cr 25E—-04 22E-03 24 E-03

Mn 29E—02 25E—04 8.0 E—04
Fe 6.6 E-04 1.2E-—03 4.0 E—02
Co 94E—-03 10E-03 1.3 E—02
Ni 1.9 E—02 6.7 E—03 5.3 E—02
Cu 1.2E-01 14E—-02 8.0 E—-03

Zn 40E-01 39E-02 3.0 E-02
Rb 1.3E—01 3.0E—-02 3.1 E-02
Sr 1.7E—02 80E—04% 60E-04
Y 26E—03 1.0E—-05 4.6 E—03
VAs 1.7E—04 5.0 E—06 3J4E-02

Nb 94E—-03 25E-03 28 E—01
Mo 1.2E—-01 75E—03 8.0 E—03
Tc 25E—01 2S5E-02 40E—01
Ru SOE—02 1.0E-—06 4.0 E-01
Rh 1.3 E4+0l 1.0E-02 1.5 E—03

Ag 1.5E—01 5.0E—02 1.7 E-02
Te 1.3E+00 1.0E—03 1.1 E—02
i 20E—-02 6.0E-03 2.9 E-03
Cs 10E-02 12E—-02f 4.0E—03
Ba 50 E—03 4.0E—04f 3.2E—03

La 25E—03 S.0E-06 20 E—04
Ce 25E—03 60E—04t 1.2E—03
Pr 25E—03 50E-06 47E—-03
Nd 24E—03 S50E—06 3.3E-03
w 1.8 E-02 50E—04 1.3 E-03
Np 25E—03 S0E-06 2.0 E—04§

*Table 1 is a copy of Table E—1, “Stable *Ele-
ment Transfer Data,” in Regulatory Guide 1.109,
Rev. 1 (Ref. 4). Unless otherwise indicated, data
in this table are from Y. C. Ng et al., Prediction
of the Maximum Dosage to Man from the Fall-
out of Nuclear Devices, IV. Handbook for
Estimating the Maximum Internal Dose Sfrom
Radionuclides Released to the Biosphere, USAEC
Report UCRL-50163-Pt 4, Lawrence Radiation
Laboratory, NTIS, May 1968.

tMeat and milk coefficients are based on
specific activity considerations.

tData from R. J. Garmner, Transfer of

F,, the transfer coefficient to cow’s milk, the frac-
tion of the element ingested daily by a cow
that is secreted in 1 L of milk

Fy, the transfer coefficient to meat, the fraction of
the element ingested daily by an herbivore that
can be measured in 1 kg of muscle from the
animal

These three transfer factors are calculated at
steady-state or equilibrium conditions; Fy can also
be calculated at slaughter.

The transfer data of Table 1, which is taken
from Regulatory Guide 1.109 (Ref. 4), are
presented as generic parameters to be used in
evaluating compliance with Appendix I of Title 10,
Code of Federal Regulations, Part 50, when site-
specific data are lacking. Additional generic values
are presented for the transfer coefficient of several
elements to goat’s milk. Transfer coefficients have
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Radioactive Materials from the Terrestrial
Environment to Animals and Man, CRC Press,
Cleveland, Ohio, 1972.

§Data from R. S. Booth et al, A Systems
Analysis Methodology for Predicting Dose to Man
from a Radioactivity Contaminated Terrestrial
Environment, in Radionuclides in Ecosystems,
Proceedings of the Third National Symposium on
Radioecology, Oak Ridge, Tenn. May 10-12,
1971, D. J. Nelson (Ed.), USAEC Report
CONEF-710501-P2, pp. 877-893, Oak Ridge
National Laboratory, NTIS, 1971.

also been derived to predict the transfer of
radionuclides from feed to other animal products
including pork, lambschicken, and hens’ eggs.>®

This article presents recent estimates of elemen-
tal transfer factors for terrestrial foods for a large
number of radionuclides associated with the
nuclear fuel cycle. The review focuses mainly on
experimentally based estimates of By, F,, and Fy.
Updated transfer coefficients of selected elements
are presented for other animal products. The
review is based primarily on the author’s recent
publications and presentations’ ~'® and is intended
to be general rather than comprehensive. The
literature relevant to the transfer factors for all the
potentially significant radionuclides is too vast to
summarize in a single review article.!! Indeed, it
has been appropriate to devote an entire article to
the transfer factors of one or two elements.'?
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{n the absence of site-specific data, tl?e updated

jues May be used as input parameters in Regula-

" Guide 1.109 models and similar models for

f::;h.;ung concentrations in foods under equi-

;bnum conditions. Comparing the updated transfer

(sctors with those in existing tables leads to sug-
<d changes in the current values.

This article is not intended to present complete
led tables or recommend values of transfer
rs. Systematically updating tables of transfer
{sctors would require numerous assumptions "and
;unsidcrution of much additional information and
(herefore  lies outside the scope of this review.
Rmmmcnding parameter values would require
cnteria specifying the desired level of conservatism
s the predicted concentrations, ie., the desired
palance between overprediction and underpredic-
pon. Such criteria would be expected to vary with
the specific objectives of individual assessments.

The reader should recognize that transfer fac-
tors derived from the literature are subject to
AumMeErous shortcomings. Considerable judgment
must be exercised by the investigator in evaluating
the available data. For reasons of opportunity or
convenience, parameter values are often based on
experiments that were designed for purposes other
than the evaluation of transfer factors. These esti-
mates may depart from the strict definition of the
parameter. For example, a factor based on a par-
ticular set of short-term observations may differ
markedly from the steady-state or equilibrium
value obtained over the long term. Furthermore, a
transfer factor that is weighted toward a particular
site may yield highly misleading predictions when
applied to a different site. These considerations
enhance the inherent natural variability of transfer
factors.

The F,, is discussed first because it is the best-
documented transfer factor. The F, is discussed
next. The data base for F, is more limited, and
well-characterized Fy values are few and largely
undocumented. The B, is discussed last. The data
base for B, is voluminous, but B, values vary over
such a broad range (depending on plant charac-
teristics, soil properties, and other factors) that
predictions of radionuclide uptake from soil by
plants are associated with a large uncertainty. As
an aid in the discussion of transfer factors, an
explanation of the derivation of the Fr,, Fy, and B,
values in Regulatory Guide 1.109 (Table 1) is pro-
vided as helpful background information.

spda
{sct0

TRANSFER COEFFICIENTS TO MILK

Origin of Values in Regulatory
Guide 1.109

Except for the specified values (f or §) in
Table 1, the milk transfer coefficients listed in
Regulatory Guide 1.109 are from a handbook com-
piled by Ng et al."?

Estimation of Transfer Coefficients

Based on an extensive review of the worldwide
literature, Ng et al.” systematically tabulated the
milk transfer coefficients for isotopes of more than
70 elements. Milk transfer coefficients were
estimated by several published approaches.’!® It
was frequently necessary to make assumptions
regarding the milk secretion rate, the kilograms of
feed ingested daily by the cow, or the total activity
that would be secreted in milk beyond the duration
of an experiment. These considerations contribute
to the uncertainty of estimates of the transfer coef-
ficient for milk.

The F,, values tabulated here are intended to
represent those expected under normal agricultural
practice. In particular, values have been excluded
when they are associated with diets deficient in the
element under study or with diets supplemented
with the stable element at levels greater than a
small fraction of that in the normal or basal diet.
The F,, values are reported as elemental transfer
coefficients, which exceed the transfer coefficients
of radioisotopes of the same element because
transfer of radioisotopes to milk is accompanied by
radioactive decay.” However, the difference

-between elemental-and radioisotopic transfer coef-
ficients is significant only for short-lived radionu-
clides.

Effect of Chemical and Physical Form

The transfer coefficient of an element to milk
can vary with physical or chemical form.” The F,
of various chemical forms of iodine, e.g., elemental
iodine, methyl iodide, sodium iodide, and sodium
iodate, are comparable.!* On the other hand,
organic mercury is transferred to milk much more
efficiently than inorganic mercury. The F,, of mer-
curic chloride is ~10~35 d/L(Ref. 15), and those of
methylmercuric chloride'® and phenylmercuric
acetate!? are ~40 times greater. In the case of
ruthenium, which is encountered in several species

NUCLEAR SAFETY, Vol. 23, No. 1, January—February 1982




£ AR

et v

60 ENVIRONMENTAL EFFECTS

and oxidation states, both the trichloride!®!® and
nitrosyl trinitrate 20 are poorly transferred to milk
(Fm of ~6 X 1077d/L), while another unidentified
chemical form is associated with an Fn of
~l X 10~* d/L (Ref. 21). Both polonium
tetrachloride?? and  plutonium  citrate?®  are
transferred to milk more efficiently than their
respective  dioxides.>”%* The F,, values of
polonium differ by a factor of ~2.5; those of plu-
tonium differ by a factor of >10. Both forms of
plutonium are very poorly transferred to milk.
Table 2 compares transfer coefficients based on
radioisotope tracer data with those based on con-
centrations of the naturally occurring stable isotope
in milk and in the feed consumed by the animal.
Careful inspection of the individual F,, estimates
suggests that, for some elements, the biological
availability of the chemical form that occurs in
feed differs from that of the chemical forms used
in the tracer experiments. The F,, values of
sodium, phosphorus, potassium, calcium, zinc,
strontium, molybdenum, iodine, and cesium natur-

ally occurring in feed are comparable to those .
the elements in the chemical forms used in trac,
experiments. For sulfur, cobalt, selenium, and lea,
the F,, of the stable isotope in feed exceeds th
based on the radioisotope tracer. On the othe
hand, the F, based on tracer manganese in y,
form of MnCl, is greater than that of the May,
ganese naturally occurring in feed.

The biological availability of radionuclides X
dairy cattle may depend on their physical as wel
as chemical form.” The F,, values of 2Na ane
$990Sr in fallout from weapons tests were compgy,
able to those of the radioisotopes used in tra
studies (Table 2). The F,, values of %Mo, B2y,
P, 7Cs, and "°Ba in fallout tended to be some.
what lower than those of the radioisotope tracep
The F,, of **Mn in fallout was only 2% of that for
tracer **Mn in the manganous chloride form, Ia
this case the difference in availability to the dain
cow could very well be attributed to the differeno;
in chemical form.” An evaluation of the biologicy
availability of radionuclides released from nuclegr

Table 2 Effect of Chemical and Physical Forms on Transfer
Coefficients to Cow’s Milk*

Range of individual F,, values, d/L

Stable element Radionuclides in

Chemical form Radioisotope concentrations in milk fallout from weapons

Radionuclide of radioisotope tracer data and associated feed testst

2Na NaCl 3.2x1072 49X107%106.6X 1072  1.2X10"210 55X 10~2

32p Na,HPO, 6.9X1073t03.4X10~2 35X107%t0 2.3X 102

¥g Na,S0; 7.9%x1073 1.8X 107210 2.6 X102

2K KCi 1L1X1072 40X107310 1.7%x10™2

#Ca CaCly, CaCO;  3.3X1073102.3X 1072 55X10731t04.1 X102

*Mn MnCl, 30X 107410 3.5X 1074¢ 1.2X1073t0 1.4X 104 7.0X10°¢

MFe FeCl, 20X107%1t03.9X1074¢ 24X1074103.0X 1074

“Co CoCl, 87X107510 1.1 X 1074¢ 29X107%t01.0X 102

$4Cu CuSO0, 63X107%  _ 83X 107%10 32X 1073

$Zn ZnCl, 3.2X107%10 59X 1072 6.0X 107310 2.6 X102

5Se H,Se0; 1.2X1073 10 3.7X 1072 1.4X 107210 6.2X 102

%Rb RbCl 6.6X10731t01.9%x 102 47X103

85.89.90gy StCl, 35X107%103.8X 1073 45X107%103.0X1072  45%X107*102.7X10~3

Mo (NH,);:MoO, 9.6X10 %10 1.7X 103 7.8X 1074 24X1074t01.3X 103

132Te NaTeO, 6.0X 10510 6.0X 104 1.1X10™*

125,131 Nal, KI, NalO; 3.6X 107710 3.4X 102 LIX1073t0 1.8 X1072  1.4X10™3108.2X 103

141310 CsCl 1.9X10 310 22X 102 36X1073 1.8X 10210 1.6 X 102

140, BaCl, 1.6 X 107410 40X 1074 70X107%102.7X 1074

3pp Pb(NO,), 21X 107510 6.5X 1073§ 1.4X107%t0 45X 1074

*Data from Ng et al.’

tExcludes F,, based on fallout data from Plowsh

%Includes data from Sam et al, %6
§Elemental F,, for lead estimated from the F,, for 203Pb.
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{ation> 10 dairy cattle is not included here,
H offman’ has reported F,, estimates of 1317
Nt&wns from nuclear power stations that are

apsrable 10 those of tracer 'L
-

wbility of Milk Transfer Coefficients
| view of the general lack of data for validat-
chronic-exposure models, evaluation of the

se predictions has relied on sta-

qinties in do
gacertatn 28

wcal analyses of input parameters. Hoffman
asted that the F,, values of strontium, iodine, and
csum Were lognormally distributed and estimated
:ht gcomclric standard deviation, mode, median,
pean, and 99th percentile values of Fj, (Table 3).
he values were compared with the NRC default
\alues of Fpy in Table 1 (Ref. 4). Relative to the
pedian (50th percentile), the Regulatory Guide F,
foc strontium and iodine seem low (24th and 17th
percentile. respectively). The Regulatory Guide
\alue for cesium, 1.2 X 1072 d/L, corresponds to
the 84th percentile. Sufficient F, data for a
meaningful statistical analysis are limited to only a

few clements.

Assignment of Average Transfer Coefficients

Although data for statistical studies of F,, are
ymited. it is still desirable to adopt a single set of
generic milk transfer coefficients for radiological
assessments. Table 4 lists the current recommen-
dations of Ng et al.” for the average milk transfer
coefficient. Generally, the F, values in Table 4
arc simply the unweighted mean of the mean
values derived for an isotope from a publication. If
the maxima and minima differed by more than a

factor of 10, the geometric mean was estimated.
On the whole, the selected values are distributed
above the 50th percentile of the distribution and
thus overestimate rather than underestimate the
median value.

As noted above, the milk transfer coefficient
can vary with the chemical form of the element.
Sometimes an F, from Table 4 is based on a
specific chemical form that is listed in Ref. 10.
Generally, when the F, of two or more chemical
forms of an element differ, the F, of the form
most readily transferred is listed in Ref. 10.
Besides milk transfer coefficients for dairy cows,
Regulatory Guide 1.109 (Refs. 3 and 4) lists milk
transfer coefficients for selected elements (hydro-
gen, carbon, phosphorus, iron, copper, strontium,
iodine, and cesium) to goat’s milk.

Elemental Systematics

The regularities in the transfer coefficients of
chemically related elements can readily be dis-
cerned by arranging the milk transfer coefficients
of Table 4 on a periodic table of the elements'® or
by grouping the elements according to the magni-
tude of F,, (Refs. 7, 9, and 10). The alkali metal
ions and related thallous ions and the halides and
related perrhenate ions are effectively transferred
from feed to milk. The lighter members of the
alkaline earths and Group VI elements are also
efficiently transferred from feed to milk, and the
F,, values tend to decrease with increasing atomic
number. The lanthanides, actinides, and ruthenium
are poorly transferred to milk.

Table 3 Variability of Milk Transfer Coefficients for Dairy Cows*

Fn, d/L
Geometric
standard 99th
Element deviation Nt Mode} Median} Meani percentilef NRCi§ Range
Strontium 1.6 19 89X10™* LIX1073 13X 107 35x107% 8o0Xxi10™* 45%X10 *103.8X 1073
(0.31) (0.50) (0.59) (0.99) (0.24)
lodine 1.7 20 7.4%X107% 1.0X1072 1.2X107? 3.6X1072  6.0X1073 27X 107310 3.5X 1072
(0.29) (0.50) (0.61) (0.99) (0.17)
Cesium 1.8 27 48X107? 6.7X107? 80X1073 26%1072 1.2X1072  25X1073 0 1.6X1072
(0.28) (0.50) (0.61) (0.99) (0.84)

*Adapted from Hoffman.?® The values for strontium have been reevaluated using corrected values from Ref. 7.

+Number of mean-derived transfer coefficients.
tValues in parentheses are the percentile estimates within the d
§From Table E-1 of Regulatory Guide 1.109, Rev. 1 (shows as

istribution.
Table 1 of this article).*
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Table 4 Elemental Feed-to-Milk Transfer Coefficients*

Element F,,d/L Approacht | Element F,, d/L Approacht | Element F,,d/L Approacht
H 1.4X 1072 1 Mn 3.3X 1074 1 Te 20X10°* 1
Be 9.1 %1077 1 Fe 2.7X107* 3 I 9.9x 1073 2
B 1.5%x1073 3 Co 29%1073 3 Cs 7.1%x1073 2
C 1.5X 1072 4 Ni 1.ox1073 3 Ba 35x1074 1
N 2.3%x107?2 2 Cu 1.7X 1073 3 Ce 6.0X 107§ 1
F L1x107? 4 Zn 1.0X 1072 2 Ta 2.8X107¢ 1
Na 3.5%X 1072 2 As 6.2X1073 1 w 29X 1074 1
Mg 3.9%1073 3 Se 4.0%1073 1 Re 1.3X 1073 1
Al 20X107* 4 Br 20X 1072 3 Ir 20X10°¢ 1
Si 2.5%X1073 4 Rb 1.2X 1072 2 Au 53X107¢ 1
p 1.6X 1072 3 Sr 1.4x1073 2 Hg 47%1074 1
S 1.6 X 1072 3 Zr 3.0X107%§ i Tl 1.9X1073 1
Cl 1.7X 1072 3 Mo 14X 1073 2 Pb 2.6X1074 3
K 7.2X 1073 3 Ru 3.3X 107§ 2 Po 3.4X1074 1
Ca 1.1X1072 2 Ag 1.3X 1072 4 Ra 40X 1071 2
Ti 7.8X 1073 4 Cd 1.5% 1073 4 U 3TX 104 3
v 1.9X10°* 4 Sn 1.2X1073 3 Pu 1.0X 1077 1
Cr 1L1X1073 4 Sb LIX1074¢ 1 Am 4.1X1077Ht ]

is

had

TRANSFER COEFFICIENTS TO
OTHER ANIMAL PRODUCTS -

Origin of Values in Regulatory Guide 1.109

The
(Table

*Adapted from Ng et al.” with corrections and revisions. Sometimes an F, is based on a specific chemical form that
listed in Ref. 10.

1The F,, values were established by the following approaches:
The F,, is based on the recovery of a single administered dose of a radioisotope.
The F,, is based on the recovery of a single administered dose of a radioisotope and on the concentrations of a
radioactive or stable isotope in associated milk and feed.
The F,, is based on stable element concentrations in associated milk and feed.
The F,, values were reevaluated from the stable element concentrations in unassociated milk and feed presented in
Table 4 of Ref. 7.

$Takes into account data from Ref. 26.

§Takes into account data from Ref. 21.

TArithmetic mean of average values calculated by McDowell-Boyer'? from each literature source.
**Takes into account data from Ref. 29.

ttTakes into account data from Ref. 30.

milk because of the scarcity of data. The Fy to
meat may be estimated by several approaches sum-
marized in previous publications.>!® The Fy for
eggs can be estimated by dividing the fraction of a
single oral dose of a radioisotope tracer recovered
in eggs by the egg production rate, measured in
kilograms per day. Because meat is obtained from

values in Regulatory Guide 1.109
were estimated as the average

F
l)/

concentration in meat divided by 50 times the aver-
age concentration in food derived from plants. The
concentrations in meat and food from plants were
obtained from tables in the aforementioned hand-
book by Ng et al.!> Because 50 kg is the wet
weight of vegetation ingested daily by cattle, Fy
implicitly represents the transfer coefficient for
beef.

Estimation of Transfer Coefficients

Transfer coefficients for beef and other animal
products are more difficult to derive than those for

NUCLEAR SAFETY, Vol. 23, No. 1, January—February 1982

an animal only after slaughter, experiments in
which single doses of a tracer are used to estimate
the transfer coefficient to meat have been used
only to evaluate the transfer coefficient to poultry,
which can be studied in numbers more readily than
larger species.

Transfer Coefficients from Radioisotope Data

Transfer coefficients to animal products
estimated by Ng et al.!® from radioisotope data
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Table 5 Estimates of Transfer Coefficients to Animal
Products from Radioisotope Data*

4/L  Approacyy F,, d/kg
I, 1
-4 .,
?_ 3 ! | . Animal Number of Transfer
)3 g k5 Element product observations coefficient Range
)~ 4
-3 | St Beef 5 30X107  64X107%105.7X107*
s ; Pork 3 29%107>  1.2X107%t04.0X 107}
e | 3 Lamb 9 19X107%  1L1X107%13.7X107?
' | E: Chicken 8 32X1072 1.8X1072108.0X107?
‘f_s ] g Eggs (contents) 3 0.22 0.15 10 0.26
-6 ll Ru Beef 1 20x1073
e 4 Eggs (contents) 1 4.0X1073
-3 ' l' ¢ Sb Beef I 1.2X1073
_': 3 F I Beeft 2 72X107%  72X107%1020X107?
) ] ; Pork 1 27X1072 1.0X107%t02.7X107?
1 2 Chickent 2 0.2 8.0X 107310 0.20
LTS 3 Eggs (contents) S 44 3.7t05.2
: I 3 Cs Beef 22 20X10°2  7.2X107%109.3X 1072
t | Pork 2 0.30 0.26 to 0.38
_— Lamb 7 0.12 6.1 X107 210 0.25
cheniical form that Chicken 2 4.4 431045
Eggs (contents) 3 0.43 0.34 t0 0.53
Ce Beef 1 75X10™*  6X107*t0 1.8X107?
. Pu Beef 2 1.0X10™¢ 1.3X1077t0o 58X 107¢
ncentrations of a Chickent 1 20X 1073
Eggs (contents)i 1 3.3X107°3
. feed presented in Am Chicken 1 72%10°%
Eggs (contents) 1 3.9%1073

of data. The Frty
I approaches sum:
ns. 210 The Fy for
g the fraction of g
ve tracer recovered
ate, measured i
't is obtained from
. experiments in
‘e used to estimate
have been used
iicient to poultry,
nore readily than

il

-tope Data

nimal  products
1dioisotope data

e g = = A R—— T ¥

*Adapted from Ng et al.'®

+Based on "' data. The transfer coefficients for '*I and elemental iodine were

assumed to be two times the respective transfer coefficient for

$Based on plutonium as PuO,.

are shown in Table 5. The Fj values of selected
fission products and transuranic elements to beef,
pork. lamb, chicken, and eggs were derived from
these estimates to serve as input parameters for
regional assessments of terrestrial food contamina-
tion by the routine emissions from a nuclear facil-
ity (Table 6).8 If data were not available to derive
a transfer coefficient, collateral information was
used. The F; based on collateral information and
data required certain assumptions relating to simi-
larity in the meat-to-feed concentration ratio for
different species, the feed consumption rate and
total body and muscle mass in different species,
and similarity in the uptake and retention pattern
of chemically related elements. These considera-
tions enhance the uncertainty associated with meat
transfer coefficients that are based on collateral
data. In Table 6, the F, values based on collateral

lJlL

information are specified (1) to distinguish them
from those based on experimental data. Although
the F, values in Tables 5 and 6 have not been
fully documented, they are thought to represent
animals whose nutritional status is normal.

As Table 6 indicates, iodine and cesium are
effectively. transferred to meat and eggs. Although
strontium is effectively transferred to eggs, most of
it is deposited in the shell. The Fy values of stron-
tium, ruthenium, iodine, cesium, and cerium to
beef, pork, and egg contents are comparable within
a factor of 3, and those of americium and curium
to egg contents and milk and of plutonium to milk
are comparable within a factor of 10 to those of
Baker et al.b The F, of cesium to chicken is ident-
ical to that of Baker et al, but for the other
elements considered, the F; values to chicken
differ from those of Baker et al. by two to three

NUCLEAR SAFETY, Vol. 23, No. 1, January—February 1982
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Table 6 Transfer Coefficients to Animal Products*

Transfer coefficient, d/kg

Eggs Eggs
Element Beef Pork Lamb Chicken (whole) (contents)
Sr 30X107*%  29xq0-3 1.9 103 32X10"? 9.0 0.22
Ru 20X107%  68x10-3+ 1.3X 10~ 0.24% 39X1072  40x10-3
i 7.2X1073  27x10-2 6.0X10"2% 0.20 34 44
Cs 20X1072 0.30 0.12 4.4 0.41 0.43
Ce 75X 104 25X1073%  50x10-3+ 9.0X107t  30x10-3+ 31X1073%+
Pu 10X 10-¢ 34X107%  67x10-%¢ 20X107% 29x1p-s 33X10-
Am 36X107%  1ax10-5+ 24X107%%  72x10-5 35Xx10™3 39%X10™3

*Adapted from Ng et al 3

tTransfer coefficients that were derived with collateral information and data.

orders of magnitude or more. For the transuranic
elements in Table 6, the Fy values to chicken are
lower by two orders of magnitude and those to beef
and pork are lower by three orders of magnitude
than those of Baker et al On the other hand, the
Fy to beef listed for plutonium exceeds that
estimated by Garten?! (5 X107 o 7 x
107% d/kg) by a factor of >10. Although
the estimates of Fy for plutonium vary over a wide
range because of the Sparseness of data, the
transfer of various chemical forms of plutonium
from feed to animal products is very low.

Estimates of Transfer Coefficients for Beef

Estimates of Fy for beef based on stable ele-
ment concentrations in meat and feed are valid
only when the concentrations are obtained on meat
and the feed actually consumed by the animal
from whose body the meat was taken. Estimates of
Fy that satisfy this requirement were reported by
Little’? for iron, copper, and molybdenum. Ng
et al.'® reported estimates of F; to beef based on
the stable element content of beef and unassociated
feed. In this study the medjan Fy was estimated,
by an extension of the NRC approach, from the
median concentrations in beef and a composite
feed composed of fixed proportions of grasses,
legumes, and concentrates. The consumption rate
by cattle was assumed to be 12 kg (dry weight) per
day. The uncertainty in the estimate of F; was
evaluated in terms of o, the standard deviation of
the log-transformed Fy values, which were calcu-
lated from the ¢’s of the log-transformed concen-
trations in beef apd feed assuming statistical
independence. Table 7, which is a revised and
corrected version of 3 similar table in Ref. 10,

NUCLEAR SAFETY, vol. 23, No. 1, January—February 1982

presents the median transfer coefficients togethe,
with the geometric standard deviation, the 95¢
interval, and the NRC value from Table |.
limits of the 95% interval differ from the Media,
by a factor of exp (2.0 o).

Referenced estimates of the Fy to beef reporteg
by other investigators are summarized in Table g
The reader will note that the Fy of iron estimateg
from stable element concentrations in associated
beef and feed, 1.2 X 102 d/kg (Table 8), is
comparable to that estimated from stable elemen
concentrations in beef and unassociated feed,
1.9 X 1072 d/kg (Table 7). The F; values of
copper and molybdenum based on stable elemep
concentrations in associated beef and forage,
9.7 X 107% and 1.1 X 10-3 d/kg, seem sig.
nificantly lower than the respective Fs values
based on stable element concentrations in beef ang
unassociated feed, 1.3 X 1072 and 6.8 X
1072 d/kg.  The observed  differences i
the F, values of_copper and molybdenum are very
likely attributable to the daily intake of
molybdenum. The cattle on which Fy values of
copper and molybdenum were reported in Table §
were animals on a low-copper diet who were sub-
Jected to high dietary levels of molybdenum,3*
which leads to g2 lowering of the Fr for
molybdenum. Furthermore, molybdenum ™ and
copper interact metabolically such that ap eleva-
tion in the dietary intake of molybdenum without
copper supplements leads to the depletion of copper
in tissues.35

Transfer coefficients to beef that are largely
undocumented are available in various compilations
for a large number of elements (Refs. 3-6, 10, 33,
and 36). '
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Table 7 Estimates of Transfer Coefficients to Beef from
Stable Element Concentrations in Beef and Unassociated Feed*

Geometric Fp, d/kg
standard
Element  deviation Median 95% intervalt NRC}
Na 1.8 8.3X10"2  26X10"%t1027X10""  3.0X107?
P 1.4 57X1072 30X1072to 1.1 X10™Y 46X1072
K 1.3 1.8%X 1072 1.0X1072103.0X 1072 1.2X 1072
Ca 1.9 72X107%  20X107%1025%1073  40X1073
Cr 3.6 92%10~%  7.6X10"%tol.1X10"' 24X107?
Mn 3.1 3.9%X107¢ 42X107%1034%x1073 8.0x107*
Fe 1.6 19%1072  75X107%1051X1072  4.0X107?
Co 2.6 9.7X 1073 1.5X1073106.3X1072 1.3X 1072
Ni 2.5 20X1073 34X107% 10 1.1 X1072 53%X1072
Cu 2.0 13X10"2  32X1073t049%X1072 80X107?
Zn 1.6 1.2X107"  47X1072t03.2X107" 3.0x1072
Rb 24 LIX10"2  20X107%1062X1072  3.1X1072
Sr 3.1 59%X10™*  63X107%t05.5X107%  60X107¢
Zr § 2.1%x1072 3.4%107?
Nb § 2.5%x107! 2.8%107!
Mo 2.9 68X10~7  83X10 %t 56X10"2  80X107?
Ag 2.5 19X1073  33X10 %10 1.1X107? 1.7X1072
Ba 2.4 9.7X10™3 1.7X10 510 5.6 X 10~* 32X1073
w 3.8 3IX107¢  2.7X107%1w051X%107! 1.3%x1073

*Table 7 is a revised and corrected version of a similar table in Ref. 10.

+Limits of the 95% interval differ from the median by the factor exp (2.0 o),
where ¢ is the standard deviation of the log-transformed Fy values.

tFrom Table E-1 of Regulatory Guide 1.109, Rev. 1 (shown as Table 1 in
this article) or Table C-5 of Ref. 3.

§lnsufficient data for statistical analysis. The estimate of Fy is associated
with a large uncertainty due to the paucity of data.

Table 8 Estimates of the Transfer Coefficients to Beef

Fp,d/kg
Number
of derived Range of
Element values Mean observed values _ _ Remarks Ref.
Fe 3 1.2X10"2 42%X107%102.3X 1072  From concentrations of elements in 32
associated meat and forage
Cu 3 97X 10~* 28X10™%t0 1.8X10~3  From concentrations of elements in 32
associated meat and forage
Mo 3 LIX10™? 7.6X10™%102.8X 10”3  From concentrations of elements in 32
associated meat and forage
Pb 4 1 X103 2X10"*t02X107? From concentrations of elements in 12
associated meat and forage
Po 40X1073 Based on sheep, caribou, and reindeer 33
data
Ra 15 5X1074 Undetectable to 2X 10™3  Based on data for cattle, caribou, 12
and reindeer
Pu 5X10"%104.1X1077 31

65
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Table 9 Variability of Transfer Coefficient to Beef*

Fy,d/kg
Geometric
standard 99th
Element  deviation Nt Mode Mediani Meani percentile} NRCt Range
Cesium 2.2 24 58X107%  LIX1072  15X107?  7.3X10°2 40X10-} 47X107%109.7Xx 102
(0.21) (0.50) (0.66) (0.99) (0.10)

*Adapted from Little,3?
tNumber of animals studied.

Values in parentheses are the percentile estimates within the distribution.

Variability of Transfer Coefficients

Because of the scarcity of valid estimates of the
transfer coefficients to animal products, opportuni-
ties for characterizing distributions of F, are lim-
ited. Little®? found that the F; values of ¥Cs
reported by Ward and Johnson®’ for cattle were
lognormally  distributed.  Statistical analysis
(Table 9) reveals that the NRC estimate of the Fy
to beef.for ¥'Cs (4.0.X 1073 d/kg) is approxi-
mately equal to the 10th percentile of the distribu-
tion and leads to the conclusion that the Regula-
tory Guide value should be revised upward. The
range of F, values exceeds an order of magnitude,
and the geometric standard deviation is 23, In
general, the variability of the F r for beef derived
from stable element concentrations in unassociated
meat and vegetation is characterized by geometric

standard deviations ranging from 1.3 to 3.8
(Table 7).

UPTAKE OF RADIONUCLIDES
FROM SOIL BY PLANTS

Origin of Concentration Factors
in Regulatory Guide 1.109

The NRC values of the soil-to-plant concentra-
tion factor B, (Table 1) were estimated from
stable element concentrations listed in the hand-
book compiled by Ng et al.!® as the ratio of the
average concentration in the portion of the human
diet that is derived from plants and the average
concentration in dry soil. These B, values are asso-
ciated with a large uncertainty because they are

based on concentrations in unassociated plants and
soils.

NUCLEAR SAFETY, Vol. 23, No. 1, January—February 1982

Estimation of Concentration Factors

The soil-to-plant concentration factor B, i
obtained from radioisotope experiments on plan
grown in pots or other containers in laboratop,
greenhouses or in containers or field plots outdoors
In the absence of radioisotope data, B, values are
estimated from the concentrations of stable iso-
topes in plants and associated soil. The B, values
have been reported both as the ratio of the concen.
tration in fresh vegetation to the concentration in
dry soil and the ratio of the concentration in d
vegetation to the concentration in dry soil. The
NRC values of B, (Table 1) represent B, for
fresh-weight vegetation. Because the yield of
forage crops and the intake of feed by livestock are
typically reported on a dry-weight basis, it is
convenient to report B, values of forage crops on

the basis of isotope concentrations in dry vegeta-
tion.

Variability of Concentration Factors

The uptake of an isotope from soil by plants
depends on various interrelated soil properties
including texture, clay content, dominant clay
mineral, cation exchange capacity, exchangeable
calcium, exchangeable potassium, other exchange-
able cations, pH, and organic matter content.®® It
varies with chemical and physical forms of the
nuclide, plant species, plant part, and stage of
growth, as well as with experimental conditions
such as management practice and the manner in
which the isotope is introduced into the soil.

Consequently, B, exhibits a variability that far
exceeds that observed in transfer coefficients for
animal products. Table 10 (Ref. 39) presents
ranges of B, values, in ratios of fresh-weight vege-
tation to dry-weight soil, for selected nuclides in
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Table 10 Plant-to-Soil Concentration Factors for Selected Elements*

B, (fresh-weight vegetation/dry-weight soil)

Range of Range of
Element individual valuest mean values} NRC§
Sr 1.6 X107 310 6.3 7.1X107 %10 2.2 1.7X107?
I 1.0X107 310 L.S 1.0X10731t0 0.7 2.0X 1072
Cs 2.7X 1075 to 0.681 1.3X 1077 t0 0.171 1.0X 1072
Pb 3IX10 %10 7.3X1072 SX10 410 3.5X10"2  6.8X1072
Po 2X 107 %10 6.6X1073 2X10 %t0 66X 1073 1.5X107!
Ra 7X 107510 0.75 7X107 %10 0.75 31X1074
Th <9%X 10 510 3X 1073 <9X10-5t0 1.IX1073  42X107?
Pu 3.8X 107810 4X 1072 5.6X1077109.9X1073  25%X107¢
Am 23X107 70 5%X1073 LIX10"*t050X107%  25X107*

*Adapted from Ref. 39.

+Estimated for a single crop—soil combination from a literature source.
Estimated for a crop or crop type from a literature source.
§From Table E-1 of Regulatory Guide 1.109 (Ref. 4).

SExcludes values for sandy soils.

odible crops and forage plants. The estimation of
avacentration factors based on fresh vegetation
ssually requires assumptions pertaining to moisture
watent. which contributes to the uncertainty asso-
asted with B,. The values are based on radioiso-
ope  data for crops grown in laboratory
greenhouses or in the field and refer to soils of vir-
wally every texture classification from sand to
cay. Some of the B, values are based on concen-
wrations of naturally occurring radionuclides or
qable nuclides in associated plants and soil
Except for some forage crops, the concentration
factors represent the edible plant part at maturity.
The B, values are intended to reflect only the
uptake of nuclides from soil via plant roots,
although the effects of nuclide deposition on
aboveground plant surfaces following resuspension
from soil may have contributed to some of the par-
ticularly high values from field studies. Table 10
presents both the range of individual B, values
observed for a single crop-soil combination and the
range of mean B, values determined for a single
crop or single crop type from a literature source.
The individual values commonly vary over three or
more orders of magnitude and the means over two
or more. For strontium and cesium, the geometric
standard deviation of the B, for food and forage
crops over all agricultural soils is estimated to be
in the range of 3.5 to 4, which is~2 times the
geometric standard deviations for the milk transfer
coefficients (see Table 3).

A knowledge of the dominant crops and soil
characteristics of an area may be useful in reduc-
ing the range of B, values at a particular location.
The exchangeable calcium in soil is the most
important factor in determining the extent of *°Sr
absorption by plant roots.’®*0 The B, for strontium
in various crops has been shown to be negatively
correlated with the exchangeable calcium in
50i.#0742 The B, for strontium also decreases with
increasing clay and organic matter in soil.3®
Uptake of 137Cs by plants from soil decreases with
increasing concentrations of exchangeable potas-
sium.® However, other exchangeable cations
also influence cesium uptake from soil.3#40
Elevated cesium concentration factors are associ-
ated with soils of high organic matter content, low

- pH, or low clay—content.*?> With a knowledge of
these factors, we can assume that the variability
would be lower than Table 10 indicates.

Knowledge that the soils at a site are predom-
inantly of a certain texture may be helpful in
reducing the anticipated variability of B,. Table 11
(Ref. 10) presents ranges of B, for strontium and
cesium in vegetables, grain, and forage crops
grown in coarse-textured (loamy sands and sandy
loams), medium-textured (loam, sandy clay loam,
and clay loam), and fine-textured (silty clay and
clay) soils of North America. The data suggest
that if the soils in the vicinity of a site are fairly
uniform in texture the concentration factors can be
expected to vary over a smaller range. The loose-
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Table 11  Soil-to-Plant Concentration Factors
for Forage, Produce, and Grain Grown in
Coarse-, Medium-, and Fine-Textured Soils*

Range of B, (fresh-weight plants/dry-weight soil)

Soil texture Strontium Cesium

Coarse 0.011 to 1.7 4.8X107* 10 0.031
Medium 2.2X107%100.32 43X107°t0 2.6 X 1073
Fine 33X1073100.28 9.3X107*10 0.012

B,, veg/soilt 0.017 0.01

*Adapted from Ref. 10. The data are from Refs. 41 and

43-47,
tFrom Table E-1 of Regulatory Guide 1.109 (Ref. 4).

textured soils are associated with the higher B,
values, the medium- and fine-textured soils with the
lower B, values. Because the coastal plain soils of
the southeastern United States are predominately
coarse-textured soils with an abundance of sands,
loamy sands, sandy loams, and fine sandy loams,
concentration factors based on coarse-textured soils
were used to assess crop contamination from the
routine emissions of a nuclear installation in the
southeast United States [(Table 12) (Refs. 8 and
9]

It may be possible to reduce the variability
shown in Table 11 by excluding or making adjust-
ments for B, values derived from pot experiments
in greenhouses. The B, values for %S, 137¢s,
*Mn, and Co measured by Steffens et al.*8 from
indoor pot experiments were higher by a variable
factor than those from outdoor lysimeters. How-
ever, the existence of systematic differences

ENVIRONMENTAL EFFECTS

between B, values from indoor pot €XperTimegy § o Of the
and those from field studies needs further e"alug.! #‘n.ul_mo
tion. Sartor et al.* compared concentration fag , calcium
for Sr in tomato and wheat grown in large O and tl
door containers and in field plots. The B, was g4 wo low
times greater for the crops grown in field plotg The lar
sometimes greater for the crops grown in al conce
tainers. The results of these limited experim jness Of a
suggest that large outdoor containers may SimUIag Py nU.C“d‘
field conditions reasonably well. ~mparison
::\i cesium
-adi to the
COMPARISON WITH REGULATORY mate fo
GUIDE VALUES s value i
_ lly all tk
The data in Table 4 suggest downward rey;, Table
sions by a factor of 2 or more in the Regulatq :dium' an
Guide F, values for iron, nickel, copper, zine, | .d by B
rubidium, molybdenum, silver, tellurium, ap4 P‘;ppFOXi"
cerium (Table 1) and upward revisions by a factoe im if ont
of 2 or more for cobalt and zirconium. That mogy ;ndcreSlima
revisions would be downward is not Surprising e Crops
because Table 3 in the handbook!? on which mog ;[e for ce
of the Regulatory Guide Fin values are base pe. It is
intentionally lists maximum or near-maximum irage. pota
transfer coefficients. ¢ Table
A comparison of the tracer-based F s for beef ip qops in m
Table 6 with the NRC values of Table | supports § ;0e. In
upward revisions by a factor of 2 or more for § cuide estim
iodine and cesium and a 200-fold downward revi. 5, in all th
sion for ruthenium. Table 8 presents the Fy values § _um (0.0C
for beef estimated from stable element concentra- ¥ ons examir
tions in beef and unassociated feed together with | ;. B, for le

Regulatory Guide values from Table 1. Compari.

Table 12 Soil-to-Plant Concentration Factors for Regional Assessment

of the Southeastern United States*
Concentration factor, pCi/kg fresh vegetation < pCi/kg dry soilt
Crop ”Sr l“Ru |29l 137Cs I“Ce 238.239Pu ZJIAm

Corn 0.034 0.022 0.043t 0.026 8.6X104 L7X10™} 17x10-3
Wheat 0.27  89X107%  0.045¢ 0.045 1.3X103 1.8X1073 18x10-3
Barley 027  89X10~%t (.045¢ 0.045t 1L.8X1073t  18X107} j8x10-3
Tomatoes 0024 60X10™* 0018 7.2X10-? 24X107%  90X107%t 24X 1074+
Cabbage 0.08t 80X107*t 0024 40x10-%+ 32X107% 12X1074  32% 1073+
Sweet corn 00I1  68X10™> 0014t 8)x10-? 27X107*  54X107*t  S5.4x10-4
Snap beans 003  1.5X10™ (04 5.0x10-3 1L.OX 104 L5X107* 10X 10~
Irish potatoes  0.06  6.0% 104 0.024 0.02 3.0X1074 1.2X10"3 1.2Xx1073
Hay 0.72 0.090 0.18 0.14 9.0X107%  90x10—* 1.8x10°3
8,, veg/soil} 0.017 0.05 0.02 0.01 25X107%  25X107* 25X 10~

*Adapted from Refs. 8 and 9.
tEstimated from collateral information and data.
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$From Table E-1 of Regulatory Guide 1.109 (Ref. 4).
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of the NRC estimate of F, with the 95%
31 indicate that the NRC estimates for beef
d“‘: Jcum. nickel, silver, and barium may be too
i “:nd the estimates for zinc and tungsten may

oo low a8 representative midrange values.

The lurge variability associated with soil-to-

‘ concentration factors severely limits the use-

of a single B, to predict the concentration
in crops from that in soil. A cursory
amparon of the NRC values of B, for strontium
" cesium and the B, values in Tables 11 and 12
icads to the conclusion that the Regulatory Guide
oumate for strontium (0.017) should be raised.
fhis value is below the concentration factor of vir-
raally all the crops studied in coarse-textured soils
1see Table 12) and is below those of many crops in
excdium- and fine-textured soils. The B, of 0.2 sug-
ted by Baker et al.% seems more appropriate as
an _.ppro\imatcly midrange default value for stron-
wum if one recognizes that its use would still
enderestimate the concentration of strontium in
wme crops and soils. The Regulatory Guide esti-
mate for cesium (0.01) does not seem unreason-
sble. It is below the concentration factor for
forage. potato, and grains in coarse-textured soils
(sce Table 12), but it exceeds that observed for
¢crops in medium- and fine-textured soils except
forage. In coarse-textured soils the Regulatory
Guide estimate for ruthenium (0.05) exceeds the
8, in all the food crops examined, and that for
cerium (0.0025) exceeds the B, in most of the food
crops examined. The Regulatory Guide estimate of
the B, for lead and thorium are comparable to the
maxima listed in Table 10 and that for polonium
exceeds the maxima.

A promising approach to reduce the uncertainty
associated with plant-to-soil concentration factors
is to adopt average values of B, for each main crop
type. e.g., leafy vegetables, other aboveground
vegetables, root vegetables, grain, and forage.’%*
The variability and uncertainty in the concentra-
tion factor can potentially be reduced further from
a knowledge of the properties of the specific soil
types that predominate at a site or region.

43 nuclide

SUMMARY AND CONCLUSIONS

Updated transfer factors have been derived to
predict concentrations of radionuclides in terrestrial
foods using currently available equilibrium models.
Experimentally based transfer coefficients to cow’s

milk (F,), transfer coefficients to beef and other
animal products (Fy), and soil-to-plant concentra-
tion factors (B,) for a large number of nuclides are
presented and compared with those in Table E-1 of
Regulatory Guide 1.109 (Ref. 4) and similar
tables. These comparisons lead to suggested

_changes, both increases and decreases, in the
current estimates.

The B, values are shown to be extremely vari-
able depending on crop type and various soil
properties and environmental factors. Predictions
of radionuclide concentrations in crops based on a
single generic estimate of B, must therefore be
interpreted cautiously with due consideration of a
wide range of concentration factors. The uncertain-
ties associated with predictions of radionuclide
uptake by plants from soil at a particular location
may be reduced by considering the principal crops
and soil types of the region and how various soil
properties influence B,.

The updated transfer factors may be useful as
generic input parameters for radiological assess-
ments when site-specific information is not avail-
able. Together with judicious application of colla-
teral information, they provide a basis for a sys-
tematic revision of Table E-1 of Regulatory Guide
1.109 (Ref. 4) and similar compilations of transfer
factors for assessing the dose from radionuclides in
agricultural products.

The estimation of transfer coefficients for beef
and other nondairy animal products and of soil-to-
plant concentration factors for food and feed crops
grown in agricultural soils are topics that need
integration and more complete documentation. It is
hoped that efforts will soon be forthcoming to
correct these deficiencies.
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